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Abstract – It is shown that there is no remote action with polarization measurements of photons in singlet state. A model is 
presented introducing a hidden parameter which determines the polarizer output. This model is able to explain the polariza-
tion measurement results with entangled photons. It refutes Bell’s Theorem. 
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Introduction ‘Bell's Theorem is the collective name for a 
family of results, all showing the impossibility of a Local 
Realistic interpretation of quantum mechanics.’ See Shamony 
[1] who gives a good overview over the state of the discussion 
about Bell’s Theorem which was introduced in 1964 by the 
Irish physicist. In his paper “On the Einstein Podolsky Rosen 
Paradox” [2] he had developed the famous Bell inequality 
which any hidden variable theory describing entangled states 
has to obey in contrast to quantum mechanics (QM) which 
clearly infringes that inequality. The inequality is a relation 
between expectation values of measurements taken at different 
settings of the instruments. Bell’s paper and many subsequent 
experiments [3] having proved the infringement of Bell’s 
inequality by QM established the belief of many physicists 
that nature were nonlocal. This action at a distance would be 
faster than light as was experimentally proved by some au-
thors including Weihs [4]. However, it was stated, that no 
information transport is possible through the quantum channel 
of entangled photons [5]. 
Bell’s theorem can be refuted by presenting a counter example 
which predicts correctly the expectation values of QM. Many 
authors have tried this. Some have developed models in which 
the influence of the measuring apparatus should cause the 
correlations [6]. Others blame various loopholes for measuring 
results that violate Bell's inequality [7]. These are all ruled out 
after the results of Delft physicists [8] have proved that QM 
correctly describes the measured correlations without any 
reference to external conditions. Some models need to be dis-
carded because of systematic errors for instance, if the predict-
ed readings at both stations are not independent [9]. One coun-
ter example was presented by Muchowski [10]. But the deriva-
tion is not completely convincing so that a better model is 
presented in the current manuscript.  
 
Looking thoroughly what Bell has proved one sees that he 
only has ruled out a specific class of models namely those 
which are not contextual. Noncontextual models cannot de-
scribe QM measurement results as they infringe the Kochen 
Specker (KS) theorem. Noncontextuality is defined by KS as: 
‘If a QM system possesses a property (value of an observable), 
then it does so independently of any measurement context.’ 
[11].  Contextual models do not infringe the KS theorem.   
In this paper a model is presented where the measurement 
results are determined independent of the setting but one physi-
cal entity depends on the settings of the instruments. This is a 
contextual approach verified by the fact that the polarization of 
entangled photons is generally not defined. We come back to 
this below in the text. This paper will help to understand the 
experimental results. Such an understanding is intended to rely 
on local effects only. Although we refer to the singlet state as 
the basis of the investigation the model does not make use of 
the formalism of QM. The introduced terms could not be taken 
from everyday experience. For physics below QM we have no 
experience so far. 
 
Model describing the statistical  
behaviour of entangled photons 
Model overview 
The model is based on Muchowski's paper [10], but it contains 
three crucial changes that are necessary for the reasoning. It 
can thus be regarded as a separate model. 
The model should and does explain the following characteris-
tics: 
C1: The measured value of a polarization measurement is 
determined before the measurement. 
C2: The QM predictions of polarization measurements with 
single photons are reproduced according to Born’s rule. 
C3: The mechanism of entanglement is controlled by a parame-
ter. 
C4: Polarization measurements with entangled photons are 
explained locally. 
C5: Polarization measurements with entangled photons are 
rotationally invariant. 
C6: The QM predictions of polarization measurements with 
entangled photons are reproduced. 
C7: The model violates Bell’s inequality. 
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C8: Measurement results of subsequent measurements are not 
predictable. 
 
Figure 1 shows how entangled photons are generated. Figure 2 
shows the experimental arrangement with the coordinate sys-
tem. With the system in singlet state the conditional probability 
that photon 2 passes polarizer PB at 𝛽 if photon 1 passes polar-
izer PA at 𝛼	 is	 after	 QM	 upon	 projecting	 the	 singlet	 state	onto	the	polarizer	directions	 
cP 𝛼𝛽= sin2(𝛼- 𝛽)     (1) 
   
 
 
Figure 1: Entangled photons are generated, for example, by parametric 
fluorescence with a BBO crystal. The ordinary photon beam has the 
polarization 0° and the extraordinary photon beam comes with the 
polarization 90°. Both photons leave the source in a cone of light. Both 
cone shells intersect in beam 1 and beam 2. Their polarization is not 
defined and the photons are by superposition in singlet state  
1/Ö2(|H1V2>-|V1H2>). The Hilbert space for the combined system is 
H12 = H1ÄH2. Normalized base vectors are |H1> and |V1> for system 1 
at side 1 and |H2> and |V2> for system 2 at side 2. |H1> and |H2> corre-
spond to the x-axis and |V1> and |V2> correspond to the y-axis.  
 
Six model assumptions M1-M6 are made: 
M1 introduces the propensity state, called p-state, determining 
which polarizer output a photon will take. 
M2 introduces the statistical parameter l which determines in 
which of two orthogonal p-states a photon is. 
M3 establishes how the p-state depends on the statistical  
parameter l. 
M4 accounts for the entanglement of the singlet state. 
M5 accounts for the fact that the polarization of entangled  
photons is undefined but is redefined by selection.  
M6 accounts for the fact that photons don’t have a memory of 
previous states after a measurement. 
 
 
 
 
 
Figure 2: The SEPP (source of entangled photon pairs) emits photons 
in singlet state into glass fibres propagating in opposite directions 
towards adjustable polarizers PA and PB and detectors DA-1 and DA-2 
on wing A and DB-1 and DB-2 on wing B. A coincidence measuring 
device not seen in the picture encounters matching events. The polari-
zation angles are defined in the x-y-plane which is perpendicular to the 
propagation direction of the photons. The coordinate system is left 
handed and the same for both wings with the x-axis in horizontal and 
the y-axis in vertical direction. The z-axis is in propagation direction of 
photon 1 and opposite to the propagation direction of photon 2.  
 
Model details 
The six assumptions are described in detail in the following: 
Model assumption M1:  
A propensity state called p-state determines which polarizer 
output a photon will take. A photon in p-state a would pass a 
polarizer set to a with certainty. 
Model assumption M2:  
A statistical parameter is introduced, the value of which deter-
mines in which of two orthogonal p-states a photon is. l has 
the value range -1<l<+1 and a normalized probability distri-
bution r(l) = ½  with ∫ 𝑑:;: lr(l) =1. (2)     
A photon can be simultaneously in different p-states depending 
on the value of a parameter l and a chosen direction relative to 
the polarization of the photon.  
Let d be the angle between the polarizer setting a and the 
polarization of the generated photon j. Then we get  d = a-j 
and an indicator function A(d,l) can be defined, which indi-
cates the p-state of the photon before a subsequent measure-
ment. A(d,l) can have the values +1 and -1. The representation 
of the photon p-states occurs in the Bloch circle. See Figure 3. 
From the projection onto the double angle 2d, a rule can be 
constructed which determines whether the arriving photon of 
polarization j is in p-state a corresponding to A(d,l) = +1  or 
in p-state a+90° corresponding to A(d,l) = -1. Being in p-state 
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a=d+j means the photon would pass the polarizer output a 
with certainty. This explains property C1: The measured value 
of a polarization measurement is determined before the  
measurement.  
 
Model assumption M3 : 
For 0<d<p/2: 
For generated photon with polarization j and  
polarizer P1 setting a we get d = a - j  and we define   
A(d,l) = +1   for   -1<l<cos(2d), (3) 
meaning the photon is in p-state a given by the polarizer set-
ting  and 
A(d,l) = -1   for   cos(2d) <l< 1, (4) 
meaning the photon is in p-state a+p/2 perpendicular to the 
polarizer setting. 
 
Figure 3 shows the geometric relationships on which the model 
is based 
 
Figure 3: Geometrical derivation of a deterministic distribution of 
polarized photons onto polarizer outputs. The representation of the 
photon states occurs in the Bloch circle. The polarizer is set to the 
angle a/a+90°. The generated photon has a polarization b. The 
difference is d=a-b. We are looking for a rule which determines 
whether the photon takes the output a or the output a+90°. For this 
purpose, a parameter is introduced which is evenly distributed over the 
generated photons in the value range -1<l<+1. By projecting the unit 
vector with direction 2d onto the horizontal, the horizontal diameter is 
divided into the sections of the length 1+cos(2d) and 1-cos(2d), or after 
conversion 2cos2(d) and 2sin2(d). Photons with l< cos(2d) are assigned 
to the polarizer output d, while photons with  l> cos(2d) take the 
output d+90°.  
In order to account for the correlation between the entangled 
photons we introduce 
Model assumption M4: 
Photons of an entangled pair share the same value of the pa-
rameter l. The rules for the distribution of the generated pho-
tons onto the two output directions of the polarizer represented 
by equations (3) and (4) are also valid for the partner photon 
on wing B. 
This reflects a property of the singlet state with the coordinate 
systems on both wings being of different handedness with 
respect to the propagation directions of the photons. 
Model assumption M5:  
Entanglement changes the polarization state of a selection of 
photons so that the resulting polarization state is equal to the 
p-state. Photons don’t have a memory of the state in which they 
were created. Polarizers of 0° and 90° leave the photons with 
polarization 0° and 90° unchanged.  
M5 counts for the fact that the polarization of entangled pho-
tons is undefined but changed by entanglement. See figure 1. 
Basically M5 says that a selection of photons from a singlet 
state is uniformly polarized. As a selection has a p-state the 
polarization state and the p-state have the same direction 
Model assumption M6:  
We assume that l is indeterminate and uniformly distributed 
after a measurement. 
M6 accounts for the fact that photons don’t have a memory of 
previous states after a measurement. 
After a preparation the polarizer output of the next measure-
ment is determined by the parameter l, but it cannot be pre-
dicted which polarizer output the photon will pass after a fur-
ther subsequent measurement. How this indeterminacy is real-
ized cannot be said at the moment. However, this is a local 
effect which applies to single photons as well as to entangled 
photons. The ensemble of photons covers the full range  
-1<l<+1 after passing a polarizer and a photon has the polari-
zation a after passing a polarizer with setting a. That explains 
property C8: Measurement results of subsequent measurements 
are not predictable. 
 
Predicting measurement results for single 
photons 
Geometrical calculations yield 1+cos(2d) = 2cos2(d) and  
1-cos(2d) = 2sin2(d). Using equation (3) the photon with polar-
ization j is found behind the output a of a polarizer with the 
probability 
Pd = ½∫ 𝑑=>?(AB)	;: l  = cos2(d) . (5) 
With d = a-j we obtain the same Pd for a photon in state 
cos(j)|H>+ sin(j)|V> from a projection onto  
cos(a)<H|+ sin(a)<V| according to QM from Born’s rule. 
This explains property C2: The QM predictions of polarization 
measurements with single photons according to Born’s rule. 
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Predicting measurement results for the 
initial context 
Next, we see how entanglement affects the correlation of the 
photon states. Entangled photons are generated by a common 
source on wing A with the polarization j1 = 0° and on wing B 
with the polarization  j2 = 90° or on wing A with the polariza-
tion  j1 = 90° and wing B with the polarization  j2= 0°. This is 
the initial context. See figure 1. 
First we calculate measurement results for the pair of generated 
photon 1 with polarization 0° and generated photon 2 with 
polarization 90°. 
For instance, having a generated photon 1 with j1 =0° and an 
assumed polarizer PA setting a we would get d = a - j1= a 
and from eq. (3) 
A(d,l) = +1   for   -1<l<cos(2d), (6) 
meaning photon 1 is in p-state a. 
From eq. (4) we get 
A(d,l) = -1  for  cos(2d) <l< 1, (7)  
meaning photon 1 is in p-state a+p/2  perpendicular to the 
polarizer setting. 
Defining an indicator function B(d,l) for measurement results 
on wing B we can apply model assumption 4 for the correla-
tion between the entangled photons on both wings. Here d is 
again the angle between the polarizer setting and the polariza-
tion of the generated photon. Equations (6) and (7) do also 
apply adding 90° to all angles and exchanging  A(d,l) with 
B(d,l).  
Having thus a generated photon 2 with j2 =90° and an as-
sumed polarizer PB setting a+p/2  we would get  
d = a +p/2 - j2= a and from eq. (3) 
B(d,l) = +1   for   -1<l<cos(2d), (8) 
meaning photon 2 is in p-state a+p/2  given by the polarizer 
setting. 
From eq. (4) we get 
B(d,l) = -1  for  cos(2d) <l< 1, (9)  
meaning photon 2 is in p-state a  perpendicular to the polarizer 
setting. Here a p-state a and p-state a+p are equivalent. 
As entanglement connects photons 1 on wing A with photons 
2 on wing B by the same value of the parameter l we obtain 
from equations (6) and (8) and (7) and (9) respectively that the 
p-states of peer photons are perpendicular to each other mean-
ing if photon 1 is detected by PA at a its peer photon 2 is 
detected with certainty by PB at a+p/2. 
In the same way we calculate measurement results for the pair 
of generated photons 1 with polarization 90° and generated 
photons 2 with polarization 0°.  
With the p-states perpendicular to each other the model pre-
dicts correctly measurement results with perpendicular polariz-
ers on both wings. The reason for this is a common parameter l 
and not a nonlocal action as we have seen.  
This explains property C3: The mechanism of entanglement 
by a parameter and property C4: The locality of the polariza-
tion measurements with entangled photons.  
So far we did not make use of the contextual properties of the 
model. Every derivation so far is local and noncontextually.  
 
Predicting measurement results for an  
arbitrary context 
We now calculate probabilities for arbitrary setting of the polar-
izers having polarizer PA set to a and polarizer PB set to b. 
This means changing the selections of the photons. In the initial 
context 0°/90° the generated photons with 0° polarization and 
90° polarization comprised the selection. Now the selection is 
changed. So is the polarization state of the photons which is 
defined by model assumption M5. 
If PA is set to a all selected photon 1 are in p-state a before 
selection. And the peer photon 2 belonging to the selected 
photon 1 are in p-state a+p/2 as we have seen above. With M5 
the polarization state of the selected photons is equal to the  
p-state thus the polarization of the selected peer photon 2 is 
a+p/2 and the polarization of the selected photon 1 is a.  
This explains property C5: Rotational invariance of the polari-
zation measurements with entangled photons. 
With the selected peer photon 2 in polarization state a+p/2 the 
conditional probability cPa,b for those photon 2 to pass PB at b 
is after eq. (5) 
cPa,b = ½∫ 𝑑=>?(AB)	;: l  = cos2(d)  (10) 
where d = b-a-p/2 is the angle between the PB polarizer setting 
b and the polarization a+p/2 of photon 2. Thus we get 
cPa,b = cos2(d) = cos2(b-a-p/2) = sin2(b-a)  (11) 
in accordance with QM. The expectation value E(a,b) of a 
common measurement with polarizers PA and PB can be ob-
tained from  
E(a,b) = cPa,b - (1-cPa,b) = cos2(d) - sin2(d) =  
= sin2(b-a) - cos2(b-a) = -cos(2(b-a)) (12) 
in accordance with QM as well. This explains property C6: The 
QM predictions of polarization measurements with entangled 
photons. As the expectation value E(a,b) from equation (12) 
does exactly match the predictions of quantum physics it also 
violates Bells inequality. This explains property C7: The model 
violates Bells inequality as quantum physics does. 
We have assumed that l is not changed with the change of the 
polarization. So we have left to prove that l is uniformly 
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distributed in the interval -1<l<+1 for the changed polariza-
tion. Equations (6) and (7) were derived assuming a generated 
photon 1 with j1 =0° and polarizer PA setting a. Now we 
assume a generated photon 1 with j1 =90° and polarizer PA 
setting a+p/2. Then we would get d = a +p/2 - j1= a and 
from eq. (3) 
A(d,l) = +1   for   -1<l<cos(2d), (13) 
meaning photon 1 is in p-state a+p/2  given by the polarizer 
setting. 
From eq. (4) we get 
A(d,l) = -1  for  cos(2d) <l< 1, (14)  
meaning photon 1 is in p-state a  perpendicular to the polarizer 
setting. Note p-state a and p-state a+p are equivalent. 
Thus we see from equations (6) and (14) both generated pho-
tons with polarization 0° and 90° respectively contribute to the  
p-state a so that one half of  photon 1 are in p-state a for -
1<l<1 and from equations (7) and (13) we obtain that the other 
half of photon 1 is in p-state a+p/2 also for -1<l<1. In both 
cases l is uniformly distributed in the interval -1<l<+1. Thus, 
the proof is complete. 
 
Extending the model to spin ½ particles 
The model does also apply to spin ½ particles by simply ex-
changing d with d/2 in equations (3) and (4) and in Figure 3 as 
well and in all subsequent derivations yielding a  
Model assumption M3a: 
For 0<d<p  
For generated particle with spin  s*j and  
instrument P1 setting a we get d = a - j  and we define   
A(d,l) = +1   for   -1<l<cos(d), (15) 
meaning the particle is in p-state a given by the instrument 
setting  and 
A(d,l) = -1   for   cos(d) <l< 1, (16) 
meaning the particle is in p-state a+p opposite to the instru-
ment setting. 
The subsequent derivations have to be adapted appropriately. 
The expectation value of a common measurement is then ob-
tained similar to equation (12) as 
E(a,b) = +cos2(d/2) - sin2(d/2)= 
= sin2(½ (b-a)) - cos2(½ (b-a)) = -cos(b-a)  (17) 
in accordance with QM. 
Results, Discussion and Conclusion  
We have presented a local model which correctly predicts the 
predictions of QM for polarization measurements with photons 
in singlet state as well for spin measurements with electrons in 
singlet state.  
Bell had cited Einstein [12] “But one supposition we should in 
my opinion, absolutely hold fast: the real factual situation of the 
system S2 is independent of what is done with the system S1, 
which is spatially separated from the former.” This supposition 
is fulfilled with the model above as the measurement values on 
each wing are determined independent of the setting of the 
polarizer on the opposite wing. The rule determining which 
polarizer exit a photon will take is the same for both wings. 
Dependencies between the photons on either wing originate 
from the shared parameter l and not from a nonlocal influence 
of photon 1 upon photon 2.  
From the model above we get an idea how entanglement 
works. From the six model assumptions M1-M6 only M4 and 
M5 refer to entanglement. The other four assumptions apply to 
single photons as well. Particularly M4 is significant. It states 
that the polarization of a selection of photons is changed by 
entanglement. This is a contextual effect as the polarization of 
the selected photons is given by the p-state which is in turn 
equal to the polarizer setting. However, this effect is local as 
we have seen.   
The model provides a mechanism how the generated photons 
contribute to the selected p-state. The photons at both wings of 
the setting share the same value of a parameter l due to M5. 
With the same rules acting upon the generated photons with 
polarization 0°/90° or 90°/0° on both wings the measurement 
results are correlated without nonlocal effects.  
Photons in singlet state do thus not exhibit action at a distance. 
Nonlocality is therefore not a consequence of entanglement. 
Experimental results on entangled photons can be explained 
without assuming non-local effects. This means measured 
values are not generated upon the measurement, they already 
exist beforehand and thus quantum mechanics does not violate 
the principle of causality, at least for polarization measure-
ments. This supports Einstein's view of the meaning of the 
wave function as a description of an ensemble. [12] 
The purpose of the model was to show that a local realistic 
model is possible with the characteristic properties C1-C8 
given in the text thus refuting Bell’s theorem. The model is 
valid if it is free of contradictions. It so far does not replace the 
formalism of QM as interference and other important effects 
are not covered. 
 
With Bell’s theorem refuted we cannot conclude any more 
nature were nonlocal. This is no more a necessary consequence 
of QM infringing Bell’s theorem.  
 
As it is now more conceivable than not that quantum results are 
determined before measurement the concept of a quantum 
computer is in question as it relies upon the assumption that a 
quantum system bears simultaneously information  about two 
possible outcomes[13]. If the model presented is a valid de-
scription of nature the propensity state of a photon is controlled 
by a single parameter defining the outcome of measurements 
for any chosen direction and thus considerably restricts the 
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diversity of the solution of a quantum computer. The model 
presented is deterministic and as it exactly reproduces the 
predictions of QM it could be implemented on any ordinary 
computer in order to simulate a quantum computer. 
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